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An Optically Clear Hypercholesterolemic Hypeririglyceridemic QualityControl Material Prepared from Animal Lipid Sources Gary J. Proksch and Dean P. Bonderman A hyperlipidemic control serum can be simply prepared from animal lipid sources. Beta-and pre-beta-lipoproteins containing cholesterol and triglyceride are removed from porcine serum by treatment with dextran sulfate and calcium ions. A triglyceride-rich fraction containing only trace amounts of cholesterol is isolated from chicken egg-yolks. The two fractions are then combined in 40 mmol/L sodium bicarbonate to give the desired values for cholesterol and triglyceride. The preparation is stabilized against surface denaturation during long-term storage at 5 #{176}C, perhaps for as long as two years, by adding 0.25 g of Triton X-100 surfactant per liter, and against an accidental exposure to short-term freezing by adding 10 g of sucrose per liter. We used this solution as a diluent to reconstitute lyophilized bovine serum. The resulting product, having been prepared from only animal sources, is free of hepatitis-associated constituents, and is remarkably clear, homogeneous, and stable. Results obtained with it are precise.
The association of increased concentrations of certain serum lipid constituents and increased risk of heart disease (1, 2) dictates that the precision and accuracy of lipid assays be carefully monitored. All were positive for one or more of these constituents.
In view of the health hazard involved in handling qualitycontrol materials prepared from pooled human sera, we show how to prepare hyperlipidemic serum from animal sources, such serum is naturally free of hepatitis-associated constituents.
The concentration of lipids in the serum of herbivores such as horses or cattle, from which large amounts of serum can be readily obtained, is too low to be useful in monitoring lipid assays effectively (4) . Because of the denaturation and insolubiization of beta-and pre-beta-lipoproteins during lyophilization, serum products with a high lipid content generally reconstitute slowly, and the reconstituted fluid is often quite turbid (5) . The lack of clarity and the inhomogeneity related to the uneven dispersion of insoluble material may decrease the usefulness of these products (6) . A simple way is needed to increase the triglyceride and cholesterol concentrations of animal sera without adversely affecting the reconstitution rate or clarity of the product.
Recently, we described a stable human lipoprotein diluent for use in reconstituting lyophilized human serum for the preparation of clear, hyperlipidemic quality-control materials (7) . Here, we have modified this process: we prepared a stabilized lipid diluent containing isolated porcine lipoprotein and a triglyceride-rich fraction from hen eggs, for use in reconstituting lyophilized bovine serum to produce clear, hyperlipidemic quality-control materials with precise concentrations of lipids within the range useful in physiological measurements.
Materials and Methods

Analytical Methods
We determined total lipidsby the method of Frings et al.
(8). Cholesterol and triglycerides
were measured, unless otherwise noted, by enzymic techniques (9, 10) . We measured absorbances of lyophilized and reconstituted sera with an Acta III spectrophotometer and measured pH with an Expandomatic pH meter (both from Beckman Instruments Inc., Fullerton, CA 92634).
Preparation
of Lyophilized Bovine Serum Bovine serum (0.5L) was separated from freshlyclotted blood collectedat a local abattoir and dialyzed against a 15-fold excess of a 1.8 g/L solutionof sodium chloride at 3-8 #{176}C
for 18 h. The preparation was centrifuged (4500 X g, 10 #{176}C, 10 mm). We decanted the clear supernatant liquidfrom the small amount of precipitate, which analysis indicated was mainly fibrinand fibrinsplitproducts, and added 2.9 g of sodium chlorideper liter. The bovine serum had a cholesterol concentrationof 1.08g/L, a triglyceride concentrationof 0.15 g/L, and a total lipidconcentrationof 2.15g/L. The serum was filtered through a 0.45-zm (av.pore size)membrane (Miiipore Corp., Bedford, MA 01730), apportioned into 3.0-mL volumes, frozen,and lyophilized. The vials were sealedunder reduced pressure and stored at 5 #{176}C.
Preparation of Lipid Diluent from Porcine Serum
We separated 2 L of serum from clotted porcine blood, freshlycollectedat a localabattoir,and added 50 mmol of calcium chlorideper literand 0.5g of dextran sulfate(Type 500-S; Sigma Chemical Co.,St.Louis,MO 63178) per liter, to precipitatethe beta-and pre-beta-lipoproteins (11) . After it had settledfor 1 h, the preparation was centrifuged(4000 X g, 10 #{176}C, 15 mm) and the supernatant solution was decanted.
We resuspended the lipoprotein precipitate with a 20-fold volumeexcess of 25 mmol/L calcium chloride and centrifuged the mixture (4000 X g, 10 #{176}C, 15 mm). The supernate was decanted and discarded.This process was repeated untilthe supernatant solutionwas freeof visiblehemoglobin. The lipoprotein precipitatewas suspended in 45 mL of water. We added 12 g of barium chloride (finalconcentration, 0.25 mol/L), 0.65 g of disodium ethylenediaminetetraacetate (EDTA) (25 mmol/L), and 0.75 g of tetrasodium EDTA
(25 mmol/L), to redissolvethe lipoproteins. The pH was maintained at 6.9by adding a 4 mol/L sodium hydroxide solution.
After itwas stirred for1 h,the mixture was centrifuged (30 000 x g, 10 #{176}C, 15 mm). We decanted the clearlipoproteinsupernate from the barium dextran sulfate precipitateand added 7.4g of sodium sulfate (0.26 molfL) to the preparation, to remove the excess barium. The pH was maintained at 6.9
by adding the 4 mol/L sodium hydroxide solutionas required.
After stirring the mixture for 1 h, we centrifugedit as before, decanted the clearlipoproteinsupernate from the bariumdextran sulfateprecipitate, and added 7.4g of sodium sulfate (0.26 mol/L) to the preparation,to remove excess barium. If necessary, the pH was adjusted to6.9with the 4 molfL sodium hydroxide solution.After 1 h, the mixture was centrifuged (15 000 X g, 10 #{176}C, 15 mm). The clearliquidwas decanted from the barium sulfate precipitate and dialyzed twice against Fraction from
Hen Eggs
The yolks from three hen eggs were separated from the egg white and washed with a 10-foldvolume excess of isotonic sodium chloride to remove any adhering egg white. We punctured the yolk membrane with a scapeland collected the yolk fluid. The membranes were discarded.
Twenty-five milliliters of yolk fluidwas diluted threefold with sodium citrate, 30 mmolfL. The pH of the mixture was adjusted to 6.8with 1.0mol/L NaOH. After 30 mm the preparation was centrifuged (30 000 X g, 10 #{176}C, 15 mm). We decanted the supernate from the insoluble cholesterol-rich fraction and diluted it twofold with 30 mmolJL sodium citrate. After the pH was adjusted to 5.8 with acetic acid/water (equivolume mixture) the preparation was centrifuged (30 000 X g, 10 #{176}C, 10 mm). The oilysupernate was collectedand heated in a sealedflaskto 65 #{176}C for60 mm, to inactivateany enzymes present.The fractionwas then cooled to room temperatureand dilutedtwofold with the sodium citrate solution.
We adjusted the pH to 6.8with a 1 mol/L solutionof NaOH, and after 30 mm centrifugedthe solution(30 000 X g, 10#{176}C, 15mm). We decanted the supernatant solution and diluted the liquidtwofold with the sodium citrate solution. After the pH was adjusted to 5.8with the dilutedaceticacid,the mixture was centrifuged (30 000 X g, 10 #{176}C, 10 mm) and 13 mL of yellow,oilysupernate was collected, which had a concentra- Thin-layer chromatography (13) indicated that the cholesterol present was about 90% free and about 10% esterified. This fraction is still usable after storage for a month at 5 #{176}C, but then shouldbe discarded.The concentrate remained soluble in dilute buffer solutions as described below during this penod.
The concentrated triglyceride-rich fraction is readily soluble in dilute salt solutions such as 40 mmolJL sodium bicarbonate or 40 mmol/L sodium chloride at a an alkaline pH in the range of 7.5 to 10.0. The preparation was directly added to the previously described porcine lipoprotein diluent to give a triglyceride concentration of 2.9 g/L. Because this fraction contains so little cholesterol and the porcine lipoprotein diluent contains more cholesterol than triglyceride, mixtures of the two fractions to give various concentration ratios of cholesterol to triglyceride may be readilyprepared.
Stabilization of the Lipid Diluent
We added a sufficient quantity of the triglyceride-rich fractionfrom egg'yolkto the porcine lipoproteinpreparation to produce a solutionof desired cholesteroland triglyceride concentration. The diluent was protected from microbial degradationto some extentby additionofthimerosal (0.2 g/L), cyclohexiniide (actidione) (0.2g/L), disodium EDTA (0.1g/L), and tetrasodium EDTA (0.1g/L). We also added 10 g of su-
croseper liter, to help protect the diluentfrom denaturation if the mixture should inadvertently be frozen (7), and 0. brane and apportioned into non-sterile vials, which were stoppened, sealed, and pasteurized at 70-75 #{176}C for 1 h on two successive days. We stored the vials at 5 #{176}C. In smears from one of the fivevials examined by auramine rhodamine fluorochnome stain,two to three acid-fastorganbe one of the saprophytic species of mycobacteria commonly found in water supplies. Although these organisms were present in the sample vials, they did not multiplyin any of the culturemedia. Because the antimicrobialcombination mentioned above, plus pasteurization, evidently suffices to prevent growth, the diluent vials need only be filled under "clean" rather than sterile conditions.
Results and Discussion
Stabilization of the Lipoprotein Diluent to Surface
Denaturation Beta-and pre-beta lipoproteins are sensitive to denaturation by surface tension during long-term storage or by shaking, such as might occur with transport. Various amounts of Triton X-100 were added to the lipoprotein diluent, to reduce the surface tension, and the solutions were vigorously agitated with a mechanical shaker for 20 mm. The results (Table 1) indicate that the surfactant helpsstabilize the lipoprotein to surface denaturation during shaking, as judged from the opticalclarity at 710 nm. Addition of 0.25g of Triton X-100 per liter also affords good protection to the lipoproteinin the diluentduring long-term storageat 5 #{176}C, and does not interferewith lipid assays.
Analysis of Lipoprotein Diluent
The lipoprotein diluent was analyzed for 18 commonly measured constituents with a Technicon SMA 18/60 continuous-flow analyzer (14) . Within the limits of sensitivity of the methods used, the diluent contained no glucose, urea nitrogen, chloride, potassium, uric acid, calcium, phosphate, "direct" bilirubin, total bilirubin, creatinine, aspartate aminotrans- mmol/L, and bicarbonate,37 mmol/L, from the sodium bicarbonate added to the diluent, were also observed. These analyses were performed to determine the approximate amount of the commonly measured clinicallysignificant constituentsin the diluent.The suitability of thisapproach as a comprehensive controlmust be determined from a more extensive analysis of diluent/serum-component interactions.
Storage Stability of Lipoprotein Diluent and Lyophilized Serum
To study the effects of accelerated aging on stability, we incubated samples of both the lipoprotein diluent and ly- Table 2 . Changes Observed on Accelerated Aging ophilized serum base for one and two weeks at 37 #{176}C. The contents of the vials containing serum were then reconstituted with 3.0 mL of a similarly incubated vial of diluent and evaluated for optical clarity, total lipids, cholesterol, and triglycerides (by enzymic and nonenzymic methods); the results are shown in Table 2 .
The reconstituted incubated samples retained their optical clarity, and their total-lipid, cholesterol, and triglyceride concentrations were identical with the original material, within the analytical error of the methods. We have been successful in storing samples at 5 #{176}C for six months for use in total lipid, cholesterol, and triglyceride assays. Longer-term storage of the lipid control components at 5#{176}C has not been evaluated, but the results on accelerated aging suggest that both the lipoprotein diluent and lyophilized bovine serum base are stable for perhaps as long as two years at 5 #{176}C.
Previously, we obtained standard deviations of 0.076 g/L for 6.541 g/L of total lipid, 0.045 g/L for 3.207 g/L of cholesterol, and 0.029 g/L for 2.019 g/L of triglyceride, on replicate analysis of the same vial of lipid control (7)-values only slightly lower than the overall inter-vial precision for total lipid, cholesterol, and triglyceride observed with the animalsource lipid control. This technique for preparing hyperlipidemic sera from animal sources produces a stable material, free of hepatitis-associated constituents, and with remarkable clarity and uniformity. The alternative use of such animalbased quality-control materials in instances where a human-serum-based product is not required may allow for the conservation of the limited resource of human blood components for more essential needs and reduce the exposure of laboratory workers to possible infectious material.
